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BIOPHYSICAL CONSIDERATIONS OF LIGHT PROTECTION*
WALTER J. RUNGE, M.D.t AND RAMON M. FIJSARO, M.D.
In considering the etiology of light triggered
dermatologic changes of human skin, the empha-
sis of medical research has been directed mainly
towards the ultraviolet (UV)-region of the elec-
tromagnetic spectrum. Information on many
aspects of the effects of UV-light is available in
the literature, whereas little is known about the
hiophysical and pathophysiological effects of the
infrared (IR)-radiation, which is lower in energy
but more penetrating into the deeper layers of
skin (heat erythema). A few experiments have
been reported (1, 2, 3) which deal with the im-
portance of JR-radiation in the production of skin
changes by light at naturally occurring levels.
The mechanism of this "synergistic" effect is
not clear. A decrease of skin reflectivity of ery-
thematous skin as reported by Bode (4) suggests
an actual increase of light-absorption by the epi-
dermis upon reddening. The light-transmission
characteristics of the layers of human skin from
UV to the near JR were published by Bachem (5).
While his curve in the UV region approximates
the measurements of Blum (6) and ours, his
method for the red and infrared regions is open to
criticism on the grounds that he used a mercury
arc line source with water cooling and glass filters.
In this spectral region the transmission character-
istics of the stratum corneum as measured by
Bachem differ from ours.
METHOD
Sheets of exfoliated human skin, representing
the stratum corneum obtained from three different
Caucasian persons (2 females, 1 male) were
mounted with 50% water containing glycerol on
quartz slides. After removal of free liquid from
the natural skin surface of the mounted specimen,
the light-transmission was measured in a recording
Beckman DK-spectrophotometer against an
identical quartz slide as reference. This quartz
slide was optically dehomogenized with the same
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water-glycerol mixture. Dry specimens were
mounted on AgC1, foil and the far JR-transmission
was recorded with a Perkin-Elmer IR-spectrom-
eter.
Fig. 1, curve I, demonstrates the UV-transmis-
sion of the specimen. The instrument was set to
read 100%T at 3600A in order to obtain a well
resolved record. Fig. 2, curve I, illustrates the
peak of light transmission of the cornified layer
at 26,250A followed by a rapid drop to 0%T at
28,350A. Individual variations between samples
from the three persons on specimens of equal
thickness were not observed.
Knowing the transmission characteristics of
the stratum eorneum, it appeared that this layer
was the most logical site for the creation of a
light shield by converting the eorneum into a
light filter, which would possess desirable light-
absorption characteristics unaltered by the dy-
namic variations of skin reflectivity. Previous
studies permitted development of solutions con-
taining various poly-substituted quinones and
ketones, which were found to produce colored
complexes with amino acids of the cornified layer
(7). The formula used in this study consisted of
0.035 g Juglone (5-hydroxy-naphtboquinone)
and 3.0 g dihydroxyacetone (1,3-dihydroxy-
propanone) dissolved in 100 ml 50% isopropanol-
water. Stability and physiological factors require
the use of chromato graphically pure compounds
(especially the naphthoquinone). The light trans-
mission of the chemically treated stratum cor-
neum was measured with the technic previously
outlined.
RESULTS
Curves II in Fig. 1 and 2 demonstrate the
achieved reduction of light transmission of the
chemically altered cornified layer. A significant
reduction of transmission in the CV is apparent.
In the visible range and near JR an average de-
crease of 25 %T was achieved with lowest T (ap-
proximately 3%) between 4350 and 4000A. Fig.
3, curve I shows the JR-transmission of normal
eorneurn, while curve II represents the JR-trans-
mission after chemical alteration. As the curves
were obtained with a single beam instrument no
estimate of the percentage of reduction of trans-
mission is possible, but around 95,000 and above
12,0000A new minima of transmission were ob-
served after treatment.
As would be expected from the in vitro physical
measurements, individuals treated with the topi-
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Cal solutions were found to be protected from
actinic radiation. The shape of the transmission
curve of the treated cornified layer in the LIV and
far JR suggest a true absorption phenomenon,
whereas the reduced transmission in the visible
and near JR could be based on a darkening effect,
as it affects the different wave lengths about
equally.
SUMMARY
Light transmission curves of the cornified layer
of human skin were measured from 2,000 to
150,000A before and after chemical alteration.
The results are discussed in relation to light pro-
tection.
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DISCUSSION
DR. PETER FLESCH, Philadelphia, Pa.: Some
time has elapsed between the completion of the
abstract and the submission of the paper. I would
like to ask Dr. Runge if he has anything in his
paper about the actinic agent he mentioned in
the abstract.
DR. THEODORE CORNBLEET, Chicago, Ill.:
According to the essayists, Doctor Bachem's
work, which they quoted, emanated from the
University of Chicago. Without in any way mean-
ing to chip anything from the glory of our illus-
trious neighbor, I do know that these experiments
on light absorption and transmission of skin were
done at the University of Illinois, because I was
working in Dr. Bachem's laboratory at the time.
DR. SAMUEL W. BECKER, JR., Whiting, md.:
The authors are to be congratulated for an in-
triguing concept. The stratum corneum is the
natural protection against sunlight. Increasing
the protective effect of this layer has many ob-
vious advantages. Twelve years of work with the
psoralens have convinced me that formation of
the stratum corneum is not uniform in all individ-
uals. Have the authors found that redheads re-
ceived as much protection as brunettes? It is
unusual that there has been no sensitization from
this quinone. Perhaps juglone does not reach
living cells.
DR. RUDOLF L. BAER, New York, N.Y.: I
would like to ask Dr. Runge how he explains that
a reduction of only 25% in the transmission of
radiations in various wave-lengths causes such a
tremendous increase in the tolerance. If I remem-
ber correctly in his exhibit, he showed that one
can administer five or ten times as much radiation
after application of his materials than before
without producing a comparable reaction.
DR. WALTER J. RUNGE, (in closing): First let
me tell you again that I showed a page of Dr.
Bachem's paper published in 1931 in volume 39
of Strahientherapie and this carried the designa-
tion: from the Department of Biophysics of the
University of Chicago. Whether this was true at
that time, I do not know. Since we have now
advanced in knowledge how to measure infra-red
light intensity, the citation was not meant to
discredit the University of Chicago's Department
of Biophysics.
A question by Dr. Flesch concerned the sulf-
hydryl-reactions of our composition, which I
intentionally omitted from the presentation, not
to run short of time. If we take in vitro a series of
the 18 amino acids present in keratin and block
all available amino groups with formalin, we still
observe a reaction. Furthermore, by action of
thioglycolic a.cid upon skin, we can increase the
intensity of color produced and find a decrease in
the amount of quinone, as residual in the solution.
Furthermore, the combination of a carbonyl-
containing compound with a quinone in mixture
with sulfhydryl containing amino acids is able to
inhibit the blockade of sulfhydryl with mercury
ion. The resulting so called "chemical complex"
in the test tube is very insoluble and we are not
able to dissolve the compound. Infra-red spectro-
scopic measurements on this compound vary.
In answer to Dr. Baer's question about the
effects of reduction of transmission in the infra-
red of 20%, you should bear in mind that the
energy from the sun at 26,250 A is about at its
cut-off point. By nature the peak of transmission
of the stratum corneum is exactly where the sun
spectrum cuts off and becomes low in energy. As
the natural energy level is very low at this point,
even a mild reduction of energy entering the skin
is enough to prevent irritation.
